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The present invention relates to impulse-coun-
ters and relates more particularly to impulse-
counters which act to count or indicate electric-
impulses such, for instance, as electric-impulses
emanating from pickups located adjacent a ma~-
chine gun to permit the rate of fire thereof to be
ascertained, ete., ete.

One of the main objects of the present inven-
tion is to provide a superior electric-impulse
counter which will provide trouble-free service
over long periods of use.

Another object of the present invention is to
provide a superior electric-impulse counter
which will accurately count or indicate electric-
impulses which follow each other at relatively-
short intervals, such for instance, as electric-im-
pulses having frequencies of the order of 5000
per minute and up.

With the above and other objects in view, as
will appear to those skilled in the art from the
present disclosure, this invention inciudes all fea-
tures in the said disclosure which are novel over
the prior art.

In the accompanying drawings, in which cer-
tain modes of carrying out the present invention
are shown for illustrative purposes:

Fig. 1 is a schematic view of one form of elec-
tric-impulse counter embodying the present in-
vention;

Fig. 2 is an end view of the mechanical por-
tions of the apparatus illustrated in the upper
portion of Fig. 1; and

Tig. 3 is a schematic representation of another
form of electric pickup-means suitable for en-
ergizing the mechanical portions of the appara-
tus illustrated in the upper portion of Fig. 1 and
in Fig. 2.

The apparatus chosen for illustration in Figs.
1 and 2 for purposes of making clear one form
of the present invention, includes a control-
member or cam {8 which may be rotated by any
suitable means which will serve to synchronize
the said control-member or cam with the opera-
tions which it is desired to count. By way of ex~
ample, it may be assumed that the control-cam
18 is rotated by internal combustion engine
whose R. P. M. it is desired to ascertain. In this
connection, however, it may here be pointed out
that the control-member or cam {8 or its equiv~
alent, may be operated by a wide variety of con-
trivances, such for instance as a conveyor belt,
a sheet-stacker, ete., ete.

The control-cam {9 is adapted to lift the ad-
jacent end of a switch-arm {{, which is pivoted
at a point remote from the control-cam {0, upon
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a pivot-pin 2 and is normally held in engage-
ment with the periphery of the said control-cam
by means of a spring 3. At its free end, the
switch-arm i carries a contact {4 which is
adapted to engage with and disengage from a
complemental contact i5, which latter is nor-
mally stationary.

The pivotal switch-arm {i above referred to,
is connected by means of a wire {6 to one fer-
minal of a battery {71 or other suitable source
of direct current supply. The opposite terminal
of the battery i1 is connected by means of a wire
i& to one terminal of the primary-winding 19 of
a transformer generally designated by the refer-
ence character 28. 'The opposite terminal of the
primary-winding {8 is connected by means of
a wire 2{ to the stationary contact {5 which com-
plements the movabie contact 14 before referred
to.

The transformer 28 above referred to, also in-
cludes a secondary-winding 22 having one of its
terminals connected by means of a wire 23 to a
wire 26 which latter serves fo interconnect the
two adjacent terminals of two energizing-coils
respectively designated by the reference char-
acters 25 and 26. The said energizing-coils 2§
and 28 respectively encircle and serve to energize
U-shaped pole-pieces 27 and 28. The said pole-
pieces 21 and 28 are formed of magnetic maferial
such, for instance, as soft iron, silicon steel or
the like having low hysteresis characteristics.
The pole-piece 21 is formed with two pole-
salients respectively designated by the reference
characters 22 and 80, while the pole-piece 2§ is
likewise formed with two pole-salients 31 and 32.

The terminal of the energizing-coil 25 opposite
the wire 24, is connected by means of a wire 33 to
an intermediate tap 34 of the secondary-winding
22 before referred to. The terminal of the en-
ergizing-coil 26 opposite the interconnecting-
wire 24, is connected by means of a wire 35 to the
right terminal of the secondary-winding 22. In-
terposed in the wire 35 is a condenser 36 which
is designed and adapted to cause the current in
the energizing-coil 2§ to lead the current in the
energizing-coil 25 by substantially 90 electrical
degrees, all for purposes as will more fully here-
inafter appear.

Returning now to the pole-piece 27, it will be
noted by reference to ¥ig. 1 that the pole-salients
39 and 80 thereof, are respectively located ad-
jacent the peripheries of disk-like rotor-elements
31 and 38. Similarly, the pole-salients 31 and
32 of the pole-piece 28 are respectively located
adjacent the peripheries of similar disk-like ro-
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tor-clements 8¢ and 45. 'The rotor-elements 37
to 406 inclusive just referred to, are preferably
formed of soft iron or equivalent non-permanent
magnet material and are each formed with an
annular series of pole~-salients 414.

The rotor-elements 3% and 38 are relativsly
closely adjacent and are located at one end of a
tubular permanent magnet 42 which is preferasiy
formed of Alnico or other suitable permanent
magnet material. The end of the permanent
magunet 42 opposite the rotor-elements 87 and
3¢, is in magnetic communication with the rotor-
elements 28 and 48. The resuit of the arrange-
ment just described is that the said permanent
magnet coincidentally imparts cne fixed polarity
to the pole-salients 4 of the rotor-elements 57
and 38 while impressing an opposite permanent
polarity to the pole-salients §! of the rotor-ele-
ments 39 and 46.

It will be noted by reference to Fig. 1, that the
respective pole-salients &f of the rotor-elements
37 and 38, are circumferentially displaced with
respect to each other g distance equivalent to one
Tull tooth. Similarly, the respective pols-salients
of the rotcr-elements 28 and 4§ are displaced
with respect to each other a circumferential dis-
tance equal to one full tooth. It will further bs
noticed that the relative circumferential dis-
blacement between the pole-salients 41 of the ro-
tor-element 32 and those of the rotor elemeni 5§
is equal to a distance of one-half tooth, all for
burposes of insuring the step-by-step rotation of
the rotor comprising the parts 37 to 42 inclusive,
as the pole-pieces 27 and 28 are energized in se-
quence in a manner as will hereinafter appear.

The roltor-unit comprising the element 37 to 42
inclusive, is mounteq for rotation upon a rotor-
shaft 43 adapted to turn in any suitable bearings
(not shown) and carries at its forward end a
drive-pinion 44. The said drive-pinion meshes
into and drives a gear-wheel 45 which is rig-
idly mounted upon the inner end of a bear-
ing-sleeve 46. The said bearing-sleeve && rigidiy
carries at its forward end a friction coupling-disk
41 for purposes as will presently appear. The unit
comprising the gear~-wheel 35, bearing-sleeve 45
and coupling-disk 47 is mounted for rotation upon
an arbor 48 which carries adjacent its inner end,
& stop-coliar 4% against the forward face of which
hears the inner face of the gear-wheel 45 before
referred to.

Mounted upon the forward portion of the ar-
bor 48 in front of the coupling-disk 47 and with
freedom for both axial and turning movement on
the said arbor, is a unit which comprises a stop-
wheel 53 having a serrated periphery, its integral
hub 81 and a pointer 52 rigidly carrvied at the
outer end of the said hub. Spaced forwardly of
the pointer 82 and rigidiy secured to the arbor &8
is a collar B3, against the inner face of which
presses the forward end of a helical spring 54.
The rear portion of the spring 54 presses against
the forward face of the hub 5! and serves to
frictionally engage the rear face of the stop-
wireel 58 with the forward face of the coupling-
disk 47 so as to provide the desired coefiicient of
friction therebetween.

The friction-coupling just above referred to will
under certain conditions, cause the coupling-disk
47 to drive the unit comprising the stop-wheel 58,
hub &1 and pointer §2.

For the purvose of releasably restraining the
unit comprising the parts 58, 5f{ and 52 against
rotation, a stop-lever 55 is employed. The said
stop-lever is formed of magnetic material and is
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mounted intermediate its respective opposite ends
upon a pivot-pin 56 and carries at its forward
end a stop-finger 57 which is adapted to engage
with the periphery of the stop-wheel 58 to hold
the latter against rotation. The stop-lever 55 is
yieldingly urged to turn in the direction required
to engage its stop-finger 51 with the periphery ¢i
the stop-wheel 58, by means of a helical spring 58.

For the purpose of turning the stop-lever 5%
against the tension of its spring 58 to withdraw
the stop-finger 57 out of engagement with the ser-
rations on the periphery of the stop-wheel 56, an
electromagnet 58 is employed. The said electro-
magnet is connected by means of two wires 58
and 8! to the wires 16 and {8 respectively, which
latter are connected as before described, to the
opposite terminals of the battery (¥ or other
suitable source of direct current. Interposed in
the wire &/ is a switch 62 by means of which the
energization of the electromagnet 58 may be con-
trolled.

Operation of the apparatus of Figs. 1 and 2

For purposes of description, let it be ag-
sumed that the control-cam {8 is heing rotated
50 as to cause (in conjunction with the spring {3)
the movable contact 14 to repeatedly engage with
and then disengage from the stationary con-
tact 5.

The engagement of the contact 14 with the
contact {5 will close the circuit through the pri-
mary-winding {9 of the transformer 29 and there-
by induce a voltage in the secondary-winding 2.
Due to the connections shown, the resultant voli-
ages In the secondary-winding 22 will be im-
pressed upon the energizing-coils 25 and 2§ with
a relatively-high voltage being applied to the en-
ergizing-coil 26 and a relatively-lower voltage he-
ing applied to the energizing-coil 25. Due to the
fact that the condenser §6 or its equivalent is in-
terposed in the circuit of the energizing-coil 26,
the current passing through the said energizing-
coil will lead that passing through the comyple-~
mental energizing-coil 25 by substantially 90 elec-
trical degrees. Thus, in & manner well known
in the art, the condenser 36 acts to shift the phase
of the current in the circuit of the coil 26 with
respect to that in the coil 25.

From the foregoing it will be seen that the en-
ergizing-coil 26 will be the first to respond to
the transient induced in the secondary-winding
22 as a result of the closing of the contacts 14

and 5. Hence the pole-salient 3z of the pole-
piece 28 will attract the adjacent one of the

(due to
opposite polarities at this instant) while at the
same time that the complemental pole-salient 31
is acting to repulse its adjacent pole-salient 4
of the rotor-element 29, with the net result that
the rotor-unit will be advanced a distance equiva-
lent to one-half tooth in the direction indicated
by the arrow in Fig. 2.

Substantially 80 electrical degrees later the
pole-piece 2¥ will act through its pole-salients
29 and 30 torespectively act on the rotor-elements
37 and §8 to turn the rotor-unit a further distance
equivalent to one-half tooth.

From the foregoing it will be seen that one
“make” of the contacts i4 and (5 will cause &
rotation of the rotor-unit equivalent to one fuli
tooth for what is equivalent to one-half cycle of
energization.

Now as the control-cam 18 rotates and permits
the contact {4 to separate from the contact 15,
the circuit wil be broken and a transient voltage
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of reverse polarity will be produced by the mag-
netic energy stored in the core of the transformer
20. This transient voltage will again cause a
leading current to flow through the energizing-
coil 26 to again advance the rotor-unit the equiva-
lent of one-half tooth to be followed substantially
80 electrical degrees later by the peak energization
of the energizing-coil 25 to thereby further turn
the rotor-unit a distance equivalent to another
half tooth.

From the foregoing it will be seen that for
each cycle of make and break of the contacts
14 and {5, the rotor-unit, considered as a whole,
will be rotated a distance equivalent to two teeth.

Under the conditions here being desecribed, the
turning of the rotor-unit, as a whole, will act
through the rotor-shaft 43, drive-pinion 44, gear-
wheel 85 and bearing-sleeve 46 to turn the cou-
pling-disk #71. Due to the fact that at this time
the stop-finger 57 is in engagement with the ser-
rated periphery of the stop-wheel 53, the latter
will remain stationary while the coupling-disk
47 will slip due to its frictional engagement with
the said stop-wheel 50.

For purposes of description let it further be
assumed that it is desired to determine the
R. P. M. of a prime mover such, for instance, as
an airplane engine, in which case the contrel-
cam 18 would be suitably connected to such en-
gine to cause it to revolve in consonance with
the engine. Now with the aid of a sfop watch
or its equivalent, the counting cycle may be
started by closing the switch 2. Upon closing
the switech 62 the electromagnet 5% will be en-
ergized to thereby attract the stop-lever 58 and
turn the same in a counterclockwise direction
about the pivoi-pin 58, to thus withdraw the stop-
finger 57 from engagement with the periphery of
the stop-wheel 58. When thus released, the stop-

wheel 50 will be substantially instantaneously .

started into motion by the friction of the cou-
pling-disk 87 and will, of course, coincidentally
turn the pointer 52.

As soon as the counting cycle is concluded, the

opening of the switch 62 will deenergize the elec- ;

tromagnet 58 thereby permitting the spring 58 to
act through the stop-lever §5 to re-engage the
stop-finger §1 with the serrated periphery of the
stop-wheel 58 to substantially instantaneously

check the further movement thereof despite the ;

friction drive of the coupling~disk 41. In some in-
stallations the switch 52 or its equivalent may be
automatically operated so as to close and open at
predetermined intervals.

In instances where it is desired to employ the
electric-impulse counter, above deseribed, for pur-
poses of counting sheets as the same are stacked
in a pile, the control-cam {8 may be suitably
connected to the stacker so that the said control-
cam can turn one complete revolution for the
stacking of each single sheet. During the count-
ing period the switch 62 would remain closed
so that the pointer 52 may be turned to record
each sheet so stacked.

Ry employing a split-phase self-starting motor-
structure of the permanently-magnetized rofor
type capable of having the movement of ifs rotor
take place in a step-by-step manner, in con-
junction with a transformer or equivalent in-
ductance, both the effects of the make and the
break of the circuit are utilized to operate such
a motor. Thus, accurate counting of electric
impulses may be achieved even when such im-
pulses follow each other at a rate greatly in ex-
cess of five thousand impulses per minute,
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The apparatus of Fig. 3

The apparatus illustrated in Fig. 3 is designed
and adapted to effect the energization of a seli-
starting synchronous electric motor like that
shown in the upper portion of Fig. 1 in lieu of
the portion of the apparatus shown in the lower
portion of the said figure.

The apparaius illustrated in Fig. 3 includes the
transformer 8, the switch-arm i{ and associated
parts, as well as the switch 62 for controlling the
energization of an electromagnet like 9. In ad-
dition, the apparatus includes a direct current
power-pack 83, a power-amplifying tube 64, which
latter in the instance shown is g tetrode-tube
comprising a plate 65, a screen-grid 66, a con-
trol-grid §7 and a cathode 98.

The plate 65 of the tube §4 is connected by
means of a wire §9 to one terminal of the pri-
mary-winding {9 of the transformer 28. The re-
maining terminal of the said primary-winding 19
is connected by means of a wire 78 to the higher-
value plus terminal of the power-pack $3. The
sereen-grid 86 is connected by means of a wire T¢
to a plus terminal of the power-pack, which plus
terminal hag a voltage materially less than the
voltage of the plus terminal to which the wire 70
is connected. Interposed in the wire 11 is g re-
sistor 72.

The control-grid 87 of the tube 64 is connected
by means of 2 wire 73 to the stationary contact
i which is engaged by the contact {4 in a man-
ner previously described in connection with the
description of Figs. 1 and 2. Interposed in the
wire 78 ig g resistor 14, as shown. The cathode €8
of the tuhe 84 is connected by means of a wire 15
to the negative terminal of the power-pack §3.
Connected between the wires 78 and 78 is a re-
sistor 78 which is adapted to bias the control-grid
87 at the potential of the cathode 68 under con-
ditions of no input signal, i. e., when the contact
{4 is out of engagement with the contact 5.

The switch-arm !} is connected by means of
a wire 77 to the negative terminal of a conftrol-
battery 78. The positive terminal of the battery
78 is connected by means of a wire 19 to the wire
15 leading to the cathode €8 of the tube 64. Con-
nected into the wire 78 is the wire 61 before re-
ferred to, which leads to an electromagnet such
as 88 of Fig. 1, and in which wire is interposed
the switch 62 hefore referred to. The wire 60 re-
ferred to in the description of the apparatus of
Figs. 1 and 2, is connected into the wire 77 and
hence to the negative terminal of the control-
battery 78, as shown at the lower portion of Fig.
3. The wire 6§ is connected through the switch
62 to the wire 78 and also to the positive terminal
of the control-battery 78. ‘

The functioning of the apparaius of Fig. 3

When during turning movement of the con-
trol-cam 18, the contact 18 is brought into en-
gagement with the contact 15, o potential will be
thereby applied to the control-grid 61, which po-
tential is negative with respect to the voltage
which at this time is being applied to the cath-
ode §8. This action will result in the plate-cur-
rent falling fo zero thus deenergizing the pri-
mary-winding {8 of the transformer 20 thus
causing the energy stored in the core of the said
transformer to act in the manner previously de-
scribed in connection with the description of the
apparatus of Figs. 1 and 2, to effect the turning of
the rotor.

As soon, in the revolution. of the control-cam,
as the contact {4 is disengaged from the contact




2,507,798

=
7
i85, the respective potentials applied to the con-
trol-grid 67 and cathode 68 will, by virtue of the
vesistor 16, achieve the same value, thereby per-
mitting the flow of plate-current and the ener-
gization of the primary~-winding 8.

As the plate-current flows as above describked,
and the primary-winding i$ is energized, the
secondary-winding 22 will produce and induce
voltage which as it rises will affect the syn-
chronous electric motor in the manner previous-
ly deseribed in connection with the apparatus of
igs. 1 and 2.

From the foregoing it will be seen that the ap-~
paratus illustrated in Fig. 3 acts basically in the
same manner as that illustrated in the lower por-
tion of Fig. 1, to utilize both the build-up and
decline of magnetic flux to effect the step-by-step
rotation of a seli-starting synchroncus electric
motor of the general type illustrated in Figs. 1
and 2.

The mechanically-operated switch mechanism
including the parts 1& to {5 inclusive above de-
scribed, may obviously be replaced by any other
suitable apparatus which will provide the im-
pulses needed to cause the apparatus to function,
such, for instance, as g photosiectric cell, micro-
phone, capacity relay or the like.

The invention may be carried cut in other spe-
cific ways than those herein set forth without de~

parting from the spirit and essential characteris- -

tics of the invention, and the present embodi-
ments are, therefore, to be censidered in all re-
spects as iliustrative and not restrictive, and all
changes coming within the mearing and equiv-
alency range of the appended claims are intended
to be embraced therein.

I claim:

1. In an electric-impuilse counter for counting
direct-current electric-impulses of a wide range

of frequencies, the combination with a split- .,

phase self-starting synchronous electric motor of
the type having a rotor provided with at least
two toothed rotor-elements permanently magne-
tized to opposite signs respectively, and a stator-
structure including a first energizing-coil mag-
netically cooperating with one of the said toothed
rotor-elements to effect the step-by-step rotation
of the rotor and a second energizing-coil mag-
netically cooperating with the other of the said
toothed rotor-elements to effect the step-by-step
rotaticn of the rotor; of a fransformer having
a primary and a secondary, the said secondary
having a low-voltage tap and a high-voltage tap;
means electrically connecting the said first en-
ergizing-coil with the low-voltage tap of the said
secondary; means electrically connecting the said
second energizing-coil to the high-voltage tap
of the said secondary; phase-splitting means as-
sociated with the said second energizing-coil to
cause the magnetic flux developed thereby to
assume an out-of-phase relationship with respect
to the magnetic flux developed by the said first
energizing - coil; direct - current interrupting
means alternately energizing and deenergizing
the primary of the said transformer with direct
current to develop transients in the said sec-
ondary of alternately-opposite polarities; and in-
dicating-means driven by the rotor of the said
motor to count the cycles of alternate energiz-
ing and deenergizing of the said primary.

2. In an electric-impulse counter for count-
ing direct-current electric-impuises of a wide
range of frequencies, the combination with a
split-phase self-starting synchronous electric
motor of the type having a rotor provided with

10

<

a4}

450

84

85

70

two pairs of toothed rotor-elements permanently
magnetized to opposite signs respectively, and a
stator-structure including a first energizing-coil
magaetically cooperating with one of the said
pairs of toothed rotor-elements to effect the step-
by-step rotation of the rotor and a second en-
ergizing-coil magnetically cooperating with the
other of the said pairs of toothed rotor-elements
to effect the step-by-step rotation of the rotor;
of a transformer having a primary and a sec-
ondary, the said secondary having a low-voltage
tap and a high-voltage tap; means electrically
connecting the said first energizing-coil with
the low-voltage tap of the said secondary; means

i electrically connecting the said second energiz-

ing-coil to the high-voltage tap of the said sec-
ondary; phase~splitting means associated with
the said second energizing-coil to cause the mag-
netic fux developed thereby to assume an out-
of-phase relationship with respect to the mag-
netic flux developed by the said first energizing-
coil; direct-current interrupting means alter-
nately energizing and deenergizing the primary
of the sald transformer with direct current to

5 develop transients in the said secondary of alter-

neately-opposite polarities; and indicating-means
driven by the rotor of the said motor to count
the cycles of alternate energizing and deenergiz-
ing of the said primary.

3. In an electric-impulse counter for counting
dirvect-current electric-impulses of a wide range
of fregucnicies, the combination with a split-
phase self-starting synchronous electric motor of
the type having a rotor provided with at least
two toothed rotor-elements permanently mag-
netized to opposite signs respectively, and a
stator-strueture including a first energizing-coil
magnetically cooperating with one of the two
said toothed rotor-elements to effect the step-
by-step rotation of the rotor and a second ener-
gizing-coil magnetically cooperating with the
other of the two said toothed rotor-elements to
effect the step-by-step rotation of the rotor: of
a transformer having s primary and a secondary,
the sald secondary having a low-voltage tap and
& high-voliage tap; means electrically connecting
the low-voltage tap of the said secondary with
the said first energizing-coil; means electrically
connecting the high-voltage tap of the said sec-
ondary with the said second energizing-coil;
phase-splitting means interposed in the means
electrically connecting the said high-voltage tap
to the said second energizing-coil; direct-current
interrupting means alternately energizing and

. deenergizing the primary of the said transformer

with direct-current to develop transients in the
sald szcondary cf alternately-opposite polarities;
and indicating-means driven by the rotor of the
said mofor and constructed and arranged to
ecunt the cycles of alternate energizing and de-
energizing of tlie primary of the said transformer.

4. In an electric-impulse counter for counting
girect-current electric-impulses of a wide range
of frequencies, the combination with a split-
vhase seif-starting synchronous electric motor
of the type having a rotor. provided with two
pairs of toolthed rotor-elements permanently
magnetized to opposite signs respectively, and a
stator-structur luding g frst energizing-coil
magnetically cooperating with one of the two said
pairs of toothed refor-elements to effect the step-
hby-step rot

2]

taticn .of the rotor and a second ener-
gizing-coil magnstically cooperating with the
cther of said pairs of toothed rotor-elements to
effect the step-by-step rotation of the rotor; of
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4 transformer having a primary and a secondary,
the said secondary having a low-voltage tap and
a high-voltage tap: means electrically connecting
the low-voltage tap of the sald secondary with
the said first energizing-coil; means electrically
connecting the high-voltage tap of the said see-
ondary with the said second energizing-coil;
phase-splitting means interposed in the means
electrically connecting the said high-voltage tap
to the said second energizing-coil; direct-current
interrupting means alternately energizing and
deenergizing the primary of the said transformer
with direct-current to develop transients in the
said secondary of alternately-opposite polarities;
and indicating-means driven by the rotor of the
said motor and constructed and arranged to count
the cycles of alternate energizing and deenergiz-
ing of the primary of the said transformer.
WEYMAN E. MAXWELL,
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